C urrent national and international guidelines recommend that carotid endarterectomy (CEA) be performed as early as possible (ideally within 2 weeks) after the neurological index event. [1] [2] [3] [4] [5] The 2007 UK National Stroke Strategy goes even further, by recommending that symptomatic carotid stenosis (>70%) in neurologically stable patients should be treated within 48 hours after a transient ischemic attack (TIA) or minor stroke. 6 Nevertheless, the risk of stroke or death because of early surgery has to be evaluated in light of the spontaneous risk of recurrent stroke after the initial event, as patients with a 50% to 99% symptomatic carotid stenosis are at a high risk of a recurrent neurological event within the first days or weeks after initial carotid-related ischemic symptoms. According to a recent review on this issue, the risk of stroke is as high as 6.4% (1.5-23.8%) during the first 2 to 3 days, 19 .5% (12.7-28 .7%) within 7 days, and 26.1% (20.6-32.5%) within 14 days after a carotidrelated ischemic neurological event. 7 However, direct evidence comparing early surgery with conservative therapy or deferral is not available, because of the lack of randomized controlled trials. There are several studies reporting on the stroke and mortality risk after CEA in the early period after carotid-related neurological symptoms. Two single-center studies found no difference in the stroke and mortality risk depending on whether surgery was performed 0 to 2, 3 to 7, 8 to 14, or 15 to 180 days after the neurological index event.
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carotid surgery) and the risk of perioperative stroke or death on a national level in Germany.
Methods

Legal Basis of Data Acquisition
This secondary data analysis is based on the nationwide statutory quality assurance registry held by the Institute for Applied Quality Improvement and Research in Healthcare (AQUA Institute). Between 2009 and 2015, the AQUA Institute has been commissioned and authorized by the German Federal Joint Committee (G-BA, legal basis §91 German Social Security Code part 5, SGB V 11 ) to develop and implement external quality assurance in the German healthcare system pursuant to §137a SGB V. Furthermore, the AQUA Institute was also mandated for data validation, data analysis, and publication of annual quality reports.
In accordance with the G-BA directive concerning the measures of trans-sectoral and inpatient quality assurance, 12, 13 reporting of quality assurance data is compulsory for all reconstructive procedures on the extracranial carotid bifurcation. These reports include data on patients with statutory and private insurance, as well as patients without healthcare insurance and self-payers. 13 Because of legal obligations, data collection thus covers nearly all (99.1%) CEA and carotid stenting procedures performed in German hospitals registered under §108 SGB V.
In 2014, our working group was granted access to this quality assurance data by the G-BA pursuant to §137a para. 10 SGB V. In addition, this study was approved by the Ethics Committee of the Technical University of Munich. This study was performed in accordance with the Good Practice of Secondary Data Analysis guidelines and the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement for observational studies. 14, 15 Nonanonymous data were only accessed and displayed by controlled remote data processing and analysis. Conformance with German data protection laws was verified by the AQUA Institute staff member (T.K., T.B.).
Data Processing and Patient Grouping
The basic data set comprised 182 033 patients treated for carotid stenosis with CEA or carotid artery stenting between 2009 and 2014. Patients were classified as asymptomatic, symptomatic stable, or symptomatic unstable before surgery by the surgeon or a specialist in neurology. This was performed in a structured fashion using a nationwide standardized data entry form provided by the AQUA Institute. 16 After exclusion of asymptomatic patients (no symptoms associated with carotid stenosis in the past 6 months), patients treated with carotid artery stenting or combined procedures, patients with special conditions (eg, crescendo-TIA, stroke-in-evolution, and other emergency procedures), patients treated for other conditions (redo surgery for restenosis, aneurysms, symptomatic internal carotid artery, internal carotid artery coiling, symptomatic low-grade stenosis with ulcerated plaque morphology, tandem stenosis, and acute internal carotid artery occlusion), and 56 336 patients undergoing elective CEA for symptomatic (amaurosis fugax, TIA, or stroke) carotid stenosis were included in the final analysis. See patient flowchart (Figure 1 ) for further details. In 57 patients, no information on the time interval was available; therefore, these patients were also excluded. As stated in the AQUA Institute annual reports, the overall completeness was 99.1%.
The following variables were considered relevant to our study: time from the last neurological event (=index event) to the procedure, age, sex, physical status (American Society of Anesthesiologists stage), type of index event (amaurosis fugax, TIA, and minor/major stroke), ipsi-and contralateral degree of stenosis, periprocedural antiplatelet therapy, pre-and postprocedural neurological assessment (performed by a specialist in neurology), intraprocedural neurophysiologic monitoring, surgical technique, type of anesthesia, shunt use, intraoperative check of technical success, clamping time, duration of surgery, pre-and postprocedural diagnostic imaging (ultrasound, transcranial Doppler sonography, computed tomographic angiography, and magnetic resonance angiography), and the annual center volume. The time interval between the index event and the time of CEA was categorized into 4 groups (0-2, 3-7, 8-14, and 15-180 days) to facilitate comparability with previous studies and guidelines. 1, 8, 17 Severity of the qualifying event was classified using the modified Rankin Scale (mRS). An mRS of 0 to 2 points was considered minor, whereas an mRS of ≥3 was used to identify a major stroke. Determination of myocardial infarction was based on clinical diagnosis substantiated by elevation of biomarkers.
Outcomes and Statistics
The primary outcome of this study was any stroke or death occurring during the period commencing with initiation of CEA surgery and ending with discharge from hospital. Because of the legal framework, 30-day results were not available. Secondary outcomes were any major stroke or death, death alone, stroke, myocardial infarction (data only available for 2013 and 2014), and local complications (cranial nerve palsy, severe bleeding, and acute occlusion). Postoperative stroke was considered major if neurological impairments corresponded to an mRS of ≥3.
Nominal and ordinal variables were analyzed using contingency tables. For symmetrically distributed metric variables (eg, age), the arithmetic mean and SD were calculated. Variables showing a skewed distribution (eg, duration of surgery) were analyzed by calculating the median and the 25% and 75% percentiles (Q1, Q3). To calculate the adjusted risk ratio and 95% confidence intervals for the time interval (as an independent variable), a hierarchical Poisson regression model [18] [19] [20] [21] was applied. The primary outcome (any stroke or death) and the secondary outcomes any major stroke or death and all-cause death were used as dependent variables. To account for confounding and clustering, the variables age, sex, American Society of Anesthesiologists status, type of index event, ipsi-and contralateral degree of stenosis, periprocedural antiplatelet therapy, pre-and postprocedural neurological assessment, intraprocedural neuromonitoring, surgical technique, type of anesthesia, shunt use, intraoperative patency check, clamping time, and center volume were entered into the model as fixed-effect factors, whereas the hospital site code and year of treatment were entered as random-effect factors (random intercept only). Model specification and variable selection were performed a priori, according to a prespecified analysis plan. As the cutoff values for grouping the time intervals were arbitrary, multivariable regressions analysis was also performed using the time interval as a continuous variable (fitted as a third-degree polynomial) on the 
Results
The mean age of all patients was 71.1 years (SD, 9.6 years) and 67.5% were men. Most patients were classified as American Society of Anesthesiologists stage III (70.8%). On the ipsilateral side, carotid artery stenosis was severe (70%-99%; . Overall, the median time interval was 9 days (Q1-Q3, 5-17 days). In 2009, the median time interval was 10 days (Q1-Q3, 9-21 days) and decreased to 8 days (Q1-Q3, 5-14 days) in 2014. In total, 9.2% of patients were treated within the first 2 days, 34.0% between days 3 and 7, 28.8% between days 8 and 14, and 28.0% were treated only after 15 days or longer. The median length of stay (LOS) in our cohort among patients without any in-hospital stroke or death was 5 days (Q1-Q3, 4-7 days), whereas among patients with any in-hospital stroke or death it was 10 days (Q1-Q3: 6-17 days). With respect to the time interval groups among patients with an event, median LOS was 11, 9, 11, and 11 days in groups I, II, III, and IV, respectively. Median LOS was 5 days in all groups I-IV among patients without an event. See Table 1 for further details on patients' characteristics. CEA was performed under general anesthesia in 72.5% of patients. Intraprocedural neurophysiologic monitoring was used in 58.9%. The most common surgical technique was endarterectomy with patching (53.0%), followed by the eversion technique (39.8%). Primary or secondary shunting was applied in 48.1%. An intraoperative check of technical success was performed by sonography, angiography, or Doppler flowmetry in 67.5% of cases. The median duration of surgery was 86 minutes (Q1-Q3, 68-107 minutes), with a median clamping time of 15 minutes (Q1-Q3, 5-26 minutes). Detailed data on the surgical management of patients are listed in Table 2 .
The in-hospital rate of any stroke or death (primary outcome) was 2.5% (n=1434). The overall risk of any major stroke or death was 1.9% (n=1055). The individual risks of perioperative stroke and perioperative death were 1.7% and 0.8%, respectively. With respect to the time interval groups, the risk of any stroke or death was 3.0% in time group I, 2.5% in group II, 2.6% in group III, and 2.3% in group IV. Any major stroke or death occurred at 2.2% in group I, 1.9% in group II, 2.0% in group III, and 1.6% in group IV. Myocardial infarction occurred in 0.4% (n=67 of 17 954), cranial nerve palsy in 1.2% (n=652), severe bleeding in 2.5% (n=1435), and postoperative occlusions of the vessel in 0.3% (n=193; Table 3 ).
After adjusting for confounders and clustering of patients, regression analysis revealed that the time interval was not associated with the risk of any stroke or death (Figure 2) . Moreover, no statistically significant association of the time interval and the risk of major stroke or death or all-cause death was found (Figure 2 ). Modeling the time interval as a continuous variable (Figure 3 ) also demonstrated no statistically significant association of the time interval with the risk of any stroke or death, with the risk of major stroke or death or with the risk of allcause death (any stroke or death: P linear =0.897, P quadratic =0.283, P cubic =0.567, major stroke or death: P linear =0.591, P quadratic =0.637, P cubic =0.297, all-cause death: P linear =0.157, P quadratic =0.904, and P cubic =0.921). Although not statistically significant, the relative risk for all-cause death showed an inverse linear relationship with the time interval (Figure 3) .
Discussion
This secondary data analysis shows that the time interval between the neurological index event and surgery is not associated with the risk of any in-hospital stroke or death. These findings are in line with 2 single-center (n=1236) studies that used the same time interval groups. 8, 9 A systematic review on the pooled absolute risks of stroke or death after CEA in patients with recent TIA or nondisabling stroke found no significant difference between early and later surgery after the index event (<1 versus ≥1 week; odds ratio, 1.2; range, 0.9-1.7, n=6021). 22 In addition, another single-center trial and a subgroup analysis of the Carotid Stenosis Trialists' Collaboration data performed multivariable regression analyses comparing patients treated within 7 days after the index event with patients treated later. 23, 24 In accordance with the present analysis, neither study found any significant association between the time interval and the 30-day risk of any stroke or death. In contrast, the Swedish register study by Strömberg et al 10 found a significantly increased perioperative risk of stroke or death when the procedure was performed within the first 2 days after the index event. Patients treated within the first 2 days had a 4-fold increased risk (risk ratio, 4.24; 95% confidence interval, 2.07-8.70) compared with patients treated between 3 and 7 days. However, no differences were found on comparing the reference group (3-7 days) to the other time interval groups (8-14 days: risk ratio, 1.12; 95% confidence interval, 0.62-2.02; 15-180 days: risk ratio, 1.90; 95% confidence interval, 1.12-3.22). 10 One reason for the different findings may be the fact that at least some emergency procedures such as crescendo-TIA or stroke-in-evolution, which carry a markedly higher risk of stroke or death, 22, 25 were not excluded from the latter study. In this regard, a systematic review revealed a pooled absolute risk of stroke and death after CEA in patients with crescendo-TIA of 11.4% (95% confidence interval, 6.1-16.7; n=301) and 20.2% (95% confidence interval, 12.0-28.4; n=135) in patients with strokein-evolution. 22 Interestingly, in the study by Strömberg et al, 10 unstable neurological symptoms were neither associated with an increased stroke or mortality risk in the whole cohort nor did patients treated within 48 hours contribute many outcome events (only 1 patient who had a stroke within 48 hours had a crescendo-TIA as the index event). 10 With respect to patients treated within the first 2 days after the index event, the reasons for the discrepant findings between the Swedish register study and the present analysis remain unclear and are most likely multifactorial.
Because there is a high risk of recurrent events during the first days after a neurological event, 7 the benefit of preventing stroke by performing surgery as early as possible seems to be obvious. This benefit may even exceed a possibly increased surgical risk (as suggested by the Swedish registry study) if CEA is performed within the first 48 hours although a randomized trial design would be required to prove such a causal relationship.
Even though this is the largest and most complete registry on CEA procedures in Germany, several limitations of the study design should not go unmentioned. First of all, this is a retrospective observational study. Therefore, only associationsrather than causal relationships-can be inferred from the data. Furthermore, the results might be biased by the LOS because the database does not provide 30-day follow-up information. LOS was longer in patients with a documented outcome event. This might have been caused by a longer period at risk, but is most likely because of the occurrence of the event itself (reversed causation). However, LOS (period at risk) is homogeneous across all time interval groups (Table 1 ) and, therefore, bias because of differing periods at risk is considered low with respect to the primary subject of comparison of this study (time interval). Furthermore, most events occur within the first days after surgery. 26 In addition, this registry contains only patients who actually received CEA. Patients having symptomatic internal carotid stenosis not undergoing elective CEA treatment were not documented in the database. In addition, although ≈90% of all patients were assessed by a specialist in neurology before surgery, the distinction between neurologically stable and unstable patients remains clinically challenging, particularly during the first hours after onset of symptoms. Furthermore, the definition of the time interval groups was based only on the literature and is therefore arbitrary. Nevertheless, analysis of the time interval as a continuous variable supported the main findings of this study. In addition, only 62% of all patients were assessed by a specialist in neurology after surgery. Nevertheless, pre-and postoperative assessment by a neurologist was entered into the multivariable regression model, and therefore information bias is considered low. Another limitation of the study is that the data are self-reported by the provider performing the procedure.
Conclusions
Including >56 000 CEA procedures, this secondary data analysis is currently the largest study investigating the association between the time interval and perioperative neurological outcomes. In summary, this study shows that the time interval between the neurological index event and the time of surgery was not associated with the risk of any in-hospital stroke or death under everyday conditions in Germany between 2009 and 2014. Thus, with respect to clinically stable patients, this study revealed no evidence, which contradicts current guidelines recommending that CEA can be performed as soon as possible after a neurological event.
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